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EFFECT ON SELECTED SOIL CHARACTERISTICS 
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Instituto de Recursos Naturales y Agrobiología de Sevilla, C.S.I.C., Sevilla, España 
SUMMARY - The effects of composted municipal refuse from the city of Seville on selected soil chemical 
properties and heavy metal accumulation in a calcic, loam soil were studied. Compost was annually added 
for six years to a series of cropped plots at two rates that generated a total amount of compost equivalent 
to 150 and 400 t ha-1 respectively. Organic matter (O.M.), N, P and CEC values showed significant increases 
at the surface (0-10 cm) and deeper (12-22 cm) soillayers, thus corroborating the existence of an effective 
nutrient migration process downwards in the soil. The K potential. measured by the equilibrium activity ra-
tio aK/(aCa +aMg)1/2, AR~ the exchangeable Na and the soil pH did not undergo any significant changes. 
Oespite its enhancement of soil fertility, compost also caused an increase in the total and OTPA extractable 
fractions for all the heavy metals analysed in the surface soil and deeper (12-22 cm). The exchangeable, bound 
to carbonates, Fe-Mn oxides and organic matter fractions al so showed significant increases for most of the 
heavy metals analysed, thus indicating a significant degree of soil pollution. 
Key words: municipal refuse, soil characteristics. 
INTRODUCTION 
Land addition is certainly recognized as a desira-
ble alternative for the disposal of composted 
municipal refuse, as its high organic matter con-
tent makes it suitable for agricultural use. 
However, along with these beneficial features, 
there are certain constraints, derived from the 
presence of heavy metals, toxic organic com-
pounds, pathogens and eutrophication. Com-
posting is one of the most effective methods for 
minimizing the impact of these toxic organic 
compounds and pathogens on the environment 
(Kurihara, 1984). 
The beneficial effects of municipal compost 
on soil fertility will be more than offset by the 
accumulation of heavy metals, and perhaps 
other toxics, in the soil, if land disposal is not 
carefully controlled. Heavy metal s are possibly 
the main drawback to the use of compost as fer-
tilizer, as they can accumulate and migrate to 
sorne extent through the soil profile. Accord-
ing to O'Connor et al. (1983), despite the abun-
dance of data that show restricted metal 
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mobility in the soil, there are also ample data 
to suggest that various organic soil amendments 
can dramatically in crease the plant availability 
and mobility of metals in treated soils. 
These possible disadvantages could hamper 
the use of municipal refuses, not only as fertiliz-
ers but also as soil enhancers. Organic amend-
ments are known to have favourable effects on 
the physical properties of the soil, improvement 
of the structure being of its most commonly cit-
ed positive effects. But these structural improve-
ments may also reach the subsoil, where among 
their other effects, they could greatly enhance 
migration, not only of organic matter and 
nutrients, but al so of heavy metals. The present 
study deals with the effects of the addition of 
urban compost, over a period of six years, on 
selected soil chemical properties and on the ac-
cumulation of heavy metal s in the soil. 
MA TERIALS AND METHODS 
The trial was performed in a green-house, us-
ing pots as described in part 1 of this paper. The 
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soil, plants and fertilizers used are also described 
in part I (Murillo et al., 1989). Pots successive-
Iy cropped with ryegrass and horticultural 
plants were selected for this study. Thus, six 
randomized replications were set out for each 
of the fol!owing treatments: 1, annualloading 
of municipal compost at arate equivalent to 48 
t ha-l for four years (cropping of ryegrass) 
and an ulterior annualloading (two years) at 
arate equivalent to 100 t ha-l (horticultural 
plants). The total dosage of this treatment was 
equivalent to about 400 t ha-l (higher dosage 
of compost). 2, The same pattern but with a 
different compost loading: 12 t ha-l /4years 
(ryegrass) and 50 t ha-l (horticultural plants) 
with a total dosage equivalent to 150 t ha-l /6 
years (lower dosage of compost). 3, Annual fer-
tilization (six years) with an inorganic, 8-15-15 
complex fertilizer at arate equivalent to 1.2 t 
ha-l. 4, Control, without any fertilization. 
The fertilizers were always incorporated into the 
first 5-6 cm of the soil. Periodic irrigation was 
used during plant cropping, which demanded 
a total annual volume of water equivalent to 
about 10,000 m3 ha-l. 
Two soil sub-samples each were taken at 
depths of 0-10, 12-22 and 24-35 cm for al! the 
replications of each treatment, and each set of 
sub-samples was thoroughly mixed for the 
laboratory analyses. The soil samples were air-
dried, and ground to pass through 0.5 mm sieve. 
These samples were analysed for the fol!owing 
parameters: organic matter (OM) by the Walk-
ley and Black method (1934); pH using a soil-
water ratio of 1:2.5; N by the Kjeldahl diges-
tion method; available P according to Olsen et 
al. (1954); the K potential, measured by the 
equilibrium activity ratio aK/(aCa +aMg)1/2, AR~ 
(Beckett, 1964); the cation exchange capacity 
(CEC), using Na as the index ion, saturating the 
sample with a sodium acetate solution at pH 
8.2; and the exchangeable Na (Nae), by 
saturating the sample with ammonium acetate 
(Richards, 1954). The Na and K were de ter-
mined by flame photometry and Ca and Mg by 
atomic absorption spectrophotometry. 
The total heavy metals Fe, Mn, Zn, Cu, Pb, 
Cr, Ni, Co and Cd were extracted by treating 
the samples, calcined at 550°C, with 3N HCl 
on a hot plate, according to Ritter et al. (1978) 
and the available Fe, Mn, Zn, Cu, Pb and Ni 
metals were extracted with DTPA at pH 7.3, 
fol!owing the indications of Lindsay and Nor-
vell (1978). The speciation of the heavy metals 
Fe, Mn, Zn, Cu, Pb, Cr and Ni was performed 
using the method of Tessier et al. (1979). The 
heavy metal concentrations were determined by 
atomic absorption spectrophotometry. When 
the data were subjected to an analysis of vari-
ance the mean separation was performed by 
Duncan's (1955) multiple range test. 
RESUL TS AND DISCUSSION 
In a previous paper (part I, Murillo et al., 1989) 
the positive effect of successive applications of 
compost on the dry weight production of 
ryegrass, clover and tomato (fruits) plants was 
presented. In the light of the results obtained 
(the responses of the three species were closely 
parallel) it seems that the continuous applica-
tion of compost must progressively improve soil 
characteristics, resulting, finally, in a clear in-
crease in soil fertility. As shown in table 1, sorne 
of the soil chemical properties (CEC, OM, N, 
P) certainly underwent a noticeable increase as 
a consequence of heavy compost accumulation 
(maximum equivalent to 400 t ha-l ). 
The improvement in these properties was ob-
servable not only at the surface but also deeper 
in the soil (tab. 1). The downward migration 
of organic matter was striking; this parameter 
in crea sed by more than 100% at a depth of 
12-22 cm, in relation to the control (tab. 1), 
when the compost was added. This trend was 
also observable at greater depths (24-35 cm), 
although the O.M. values of the different treat-
ments did not differ significantly. Nitrogen 
showed a similar pattern, with values for the 
control and the higher dosage treatments that 
differed significantly even at a depth of 24-36 
cm (tab. 1). As expected for this soil, these 
changes in O.M. and N did not cause any sig-
nificant variation in the soil pH, as shown in 
table l. 
It is important to note that, as a consequence 
of compost accumulation, important changes in 
the structure and physical properties of the soil 
were also seen. Changes in the structure even 
reached the subsoil (as was also repor-
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Tab. 1 - Mean values of some chemical properties of the soils (1). 
Soil parameter 
Depth Treatments (2) 
cm e If Ld Hd 
0-10 1.53 b 1.69 b 3.18 a 3.41 a 
O.M.(%) 12-22 1.06 e 1.51 b 2.23 a 2.23 a 
24-36 1.39 1.49 1.56 1.46 
0-10 0.09 e 0.10 e 0.20 b 0.29 a 
N (%) 12-22 0.09 e 0.09 e 0.13 b 0.17 a 
24-36 0.08 b 0.08 b 0.08 b 0.10 a 
0-10 8.2 S.l 8.1 8.1 
pH 12-22 8.4 8.3 S.3 8.4 
24-36 8.4 S.4 8.4 8.5 
0-10 5.1 e 40.6 a 22.3 b 36.9 a 
P (ppm) 12-22 4.1 e 14.4 b 13.1 b 17.5 a 
24-36 3.9 e 5.4 b 5.6 b 8.0 a 
0-10 14.9 e 15.9 be 16.6 b 19.8 a 
CEC (meq 100g-1) 12-22 16.3 b 17.2 ab 16.4 b 18.2 a 
24-36 17.4 a 17.2 ab 16.5 b 17.3 a 
0-10 OA 0.5 0.6 0.5 
Na" (meq 100 g-I) 12-22 0.5 0.6 0.5 0.5 
24-36 0.6 0.6 0.6 0.5 
(') Values followed by the same leUer in the same row do not differ significantly (P < 0.05) 
(2) C Control; If = lnorganic fertilizer; Ld = Low dosage of compost; Hd High dosage of compóst 
ted by Petterson and Von Wistinghausen (1979) 
in soils treated with manures) and it was ob-
served that the increased hydraulic conductivi-
ty and lower bulk density caused by compost 
loadings, spectacular at the surface (428 mm/h 
and 1.10 g/cm3 for the high dosage of eom-
post, and 44.5 mm/h and 1.41 g/cm3 for the 
soil control; Femández et al., 1987) was stiU ap-
preciable at a depth of 25-30 cm (11.7 mm/h 
and 1.72 g/cm3 for the treated soil, and 2.6 
mm/h and 1.75 g/cm3 for the soil control; Fer-
nández et al., 1987). As expected, the structur-
al variations were noticeable even visually 
(electronic micp)scopy) as shown in Hg. 1. Here 
clear differences can be seen in the size of soil 
aggregates between soil treated with compost 
and the soil control at a depth of 15 cm (the 
compost was always incorporated in the first 
5-6 cm). 
Therefore, the migration process of the 
nutrients may have been enhanced by the struc-
tural improvement that the compost causes in 
the soil; this, in addition to its other effects, may 
facilitate the leaching of salts and mineral frac-
tions bound to the soluble O.M. In support of 
this hypothesis a P migration process, which can 
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increase P availability throughout the soil pro-
file, was also observed. As shown in table 1, 
there were significant differences between treat-
ments at each of the three depths tested. The 
initial results of the P fractioning (data not 
shown) seem to indicate that although an im-
portant amount is bound to carbonates, other 
more available fractions (Chang and Jackson, 
1957) are appreciably increased in relation to 
the control when compost is added. 
In general, P availability showed a large in-
crease (tab. 1). It can be seen that the P levels 
generated by the high dose of compost were 
similar to or even higher than those ereated by 
the inorganic fertilizer treatment, with an in-
crease that, on the surfaee, surpassed 600% in 
both cases with respect to the control (the P 01-
sen level is considered high in a soil when it sur-
passes 10 ppm). 
The parameter of available P (P Olsen) is 
usually considered to be a good estimate of the 
quantity factor (Q), which is narrowly inter-
related with the intensity factor (1) for this ele-
ment. In the case of K which, in addition to N 
and P, is essential for plant nutrition (Ca and 
l.M. MURILLO el. al. APPLlCATIONS OF COMPOSTED MUNICIPAL REFUSE. II. 
Fig. 1 - Scanning electron micrographs of soils at 15 cm depth. (A) soil control. (B) soil treated with the 
high dosage of compost (compost was incorporated in the Eirst 5 cm oE the soil). (Bar = 300 ¡.tm). 
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Mg are both abundant in this kind of calcic soil, 
common in the south) the parameter AR~ is 
considered to be the best estimate of the K in-
tensity factor (l). Despite the disadvantage that 
AR~ does not provide direct vaIues for K, this 
method is very appropríate because the reIation-
ship between K availability and the activity ra-
tio aK/(aCa +aMg)1!2 is well known and is based 
upon strong theoreticaI principIes (SchofieId, 
1947; Beckett, 1964). 
Figure 2 shows the Q/I relationships for the 
K in the surface soil (0-10 cm), with the díffer-
ent treatments and before treatments. The AR~ 
(Beckett, 1964) can be obtained fram the graph 
as the vaIue of ARK for ,iK=O. Although no 
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classífication of the soils according to their 
AR~ values exists, as it does for the P Olsen, 
data in literature suggest that all of the soil sam-
pIes anaIysed have average vaIues for AR~ 
The mean values are: 3.0 for the control; 3.5 
for the Iow dosage of compost; 4.0 for the ín-
organic fertilizer; 6.2 for the high dosage of 
compost and 6.7 for the soil before treatment. 
AIthough there are no statisticalIy signifícant 
differences between these values, it can be seen 
that there is a slight decrease in the AR~ values 
for the treated soils in relation to the soil be-
fore treatment, except in the case of the high 
dosage of compost. This suggests that these 
composted wastes could be helpful to preserve 
<J +--#,!-,-.,(.;-~-~-~- ........ " ---'-, ---;,- ...... , 
15 20 25 30 35 
-0.1 
- 0.3 
-0.5 
Fig. 2 - Q/I relationship values for K. (AR~values = ARK values for LlK = O). (Á J. inorganic fertilizer; 
(o), low dosage of compost; (-), high dosage of compost; (o), control; (---J, soil before treatments. 
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the K availability in very impoverished soils. 
On the other hand, a significant in crease in 
the CEC values was also observed in soil treat-
ed with the high dosage of compost, in compar-
ison to the control, even at a depth of 12-22 cm 
(tab. 1). However, this increase in CEC was not 
accompanied by a parallel rise in exchangeable 
Na (the differences between treatments were not 
significant); this suggests that there is no 
problem of alkalinization as a consequence of 
municipal compost loading, at least in this kind 
of calelc, loam soi!. However, it is still neces-
sary to experiment with other soils which are 
more prone to sodiumization, as it was observed 
that municipal composts may have a significant 
Na releasing capacity (part 1, Murillo et al., 
1989). 
Heavy metal content - Apart from all of these 
positive fertilizer characteristics, however, 
municipal composts can present a serious draw-
back derived from their high heavy metal con-
tent. Figure 3 shows the total heavy metallevels 
corresponding to treatments with compost in 
comparison to those of the control at the three 
depths analysed. It can be seen that municipal 
compost loading results in a large accumulation 
of heavy metals in the first 10 cm, with signifí-
cantly high differences between the treatments 
(P < 0.05 for Fe, Mn, Zn, Cu, Pb, Cr and Ni) 
except for Co and Cd, although even these 
showed a c!ear tendency to increase. This ac-
cumulation was also observable at a depth of 
12-22 cm (fig. 3), which indicates that heavy me-
tals, like other nutrients, migrate downward in 
the soi1. 
The total heavy metal contents and their 
DTP A extractable fracHons at this depth (12-22 
cm) are shown in table 2. It can be seen that 
the presence of compost not only increased the 
total heavy metal contents to a significant lev-
el at this depth, but also their extractable DTP A 
fraction, except in the case of Co. This suggests 
that the continuous annualloading of compost 
and periodic irrigation can cause a long term 
migration of the total and avaílable heavy me-
tals, which may be an important cause of en-
vironmental pollution. As pointed out by 
Schmitt and Sticher (1986), the adsorption ca-
pacity of heavy metals by the soil seems to be 
exhausted much earlier than sometimes ex-
pected. 
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As pointed out above, the migration process 
may be enhanced by the structural improvement 
that organic matter causes in the soil. However, 
probable increases in the ionic strength, and 
background concentrations of the metals, ions 
and hydrosoluble organic fractions in the soil 
solution could also have enhanced the heavy 
metal and nutrient migration. In this respect it 
is important to note that compost loading was 
increased in the two last years of the experiment 
(by 100 t ha-1 and year for the maximum 
loading of compost). It may be possible to ar-
gue that the shrinking phenomena could also 
have enhanced the movement of the heavy me-
tals, as well as of the O.M. and other nutrients, 
down through the cracks, (which opened up in 
the soil during the preceding dry summer). This 
phenomenon did not take place in our experi-
ment, but it could be an additional factor to take 
into account in many agricultural areas of the 
south, where shrinking is a normal seasonal 
phenomenon. 
As pointed out in part 1 of this paper, most 
of the compost doses used in this study SUf-
passed the recommended standards for compost 
utilization. But it was also indicated that apply-
ing composts in excess is currently possible on 
agriculturalland in many countries. Moreover, 
besides urban composts, farmers today can use 
many other organic residues which could even 
strengthen the compost effects on migration 
through the soíl. These residues, however, may 
be very diverse in nature and thus have vary-
ing detrimental effects, but they stilllack specific 
legislation and control (by-products from olive 
and sugar beet processing industries: alpechín, 
vinaza, etc.). 
Crystallization and other physical and chem-
ical processes tend certainly to transfer the 
heavy metals gradually to non available pools. 
Table 3 shows the speciation of sorne selected 
heavy metal s with two treatments (the control, 
and a high dosage of compost) at depths of 1-10 
and 12-22 cm. It can be seen that an important 
fracHon of the added heavy metals were bound 
to carbonates or Fe-Mn oxides. The exchange-
able and organic matter fractions also increased, 
in general, to significant levels as a consequence 
of the application of compost, and, as indicat-
ed by their extractable DTP A fractions, may 
cm 
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12- 22 
24-35 
cm 
1-10 
12-22 
24-35 
cm 
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Fig. 3 - Total heavy metal contents in soil at different depths. (o), low dosage of compost; (e), high dosage 
of compost; (o), control. 
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Tab. Z - Mean values 01 total heavy metal contents (ppm) and OTPA extractable Iractions (ppm) of the soil at a depth of 12-22 cm (1). 
Fe Mn Zn Cu Pb Ni Co 
T reatments (2) 
Total OTPA Total OTPA Total OTPA Total OTPA Total OTPA Total OTPA Total OTPA 
C 12160a 4.2a 240a 16.8a 33.9a 2.6a 17.7a 3.8a 32Aa 2.3a 16.2a OAa 9.3a 0.2 
Ld 12475a 9.9b 260b 21.8b 82.9b 15.6b 23.6b 6.5b 42Ab 5.05b 18.6b O.6b 9.9b 0.3 
Hd 13280b lS.0c 301e 2L9b 140.6c 23.8c 3SAc 9.5c 59.6c 9.& 19.4c 0.7c 9.9b 0.3 
Values followed by the same le!ter in the same column do not differ significantly (1' < 0.05) 
(2) C ~ Control; Ld ~ Low dosage of compost; Hd = High dosage of compost 
Tab. 3 - Mean values of differents fracHons of heavy metals (ppm) at depths of 0-10 and 12-22 cm, corresponding to two treatments: the control and a high dosage of composL 
Exchangeable Bound to carbonates Bound to Fe-Mn oxides Bound to organic matter 
N Metal Treatment 
,¡,. 0-10 cm 12-22 cm 0-10 cm 12-22 cm 0-10 cm 12-22 cm 0-10 cm 12-22 cm W 
Control 2.5 2.6 5.3 5.7 942 883 33.8 36.0 
Fe Compost 3.7' 3.0' IDA' 7.6* 1216' 960' 91.9' 56.0' 
Control 9.3 7.3 36.0 32,7 117.7 119.2 11.1 10.7 
Mn Compost 20.0' 12.8' 96.8' 58.9' 137.5' 132.0' 7.6 9.2 
Control 2.0 1.7 6.4 3.9 14.9 8.9 1.7 1,1 
Zn Compost 4.5' 3.3' 95.9' 37.1* 126.4' 61.6' 8.8' 2,B' 
Control 2.9 2.9 3,4 3.4 5.7 4.8 1.9 1.6 
Cu Compost 4.0' 3.4' S.S' 4.7* 8.7' 7.2* 14.0' 3.5' 
Control 16.1 HU 11.7 11.6 7.7 7.1 2,9 2.9 
Pb Compost 15.9 15.8 25.0* 19.5' 27,S' 19.9' 11.2' 6.0' 
Control 2.5 2.5 1.2 1.2 1.3 1.3 1.5 1.5 
Cr Compost 2,4 2,4 1.3 1.3 1.9' 1.5' 3.4' 2.5' 
Control 2.9 2.9 4.1 4.2 2.5 2.8 1.9 1.7 
Ni Compost 3.1 3.1 4.4 4.4 4.0' 3.6' 2.1 2.0' 
• Significantly different by the t-test for paired comparison of metal contents in control and compost at each fraction and depth (1' < 0.05) 
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have contributed to the increased availability 
of heavy metals. However, it is important to 
note that not all organic matter has the same 
retaining power, and part of the metal s of this 
fraction, and even of the exchangeable fraction, 
may certainly be unavailable to the plants. 
Nevertheless, from table 3 it seems certain 
that the compost must have increased the avail-
ability of the heavy metals to sorne extent. In 
the case of eu, for example, the fraction bound 
to the O.M. increased at the surface from 1.9 
ppm (11 % of the total content) to 14.0 ppm 
(24 %) when municipal compost was loaded. 
This same pattern was al so exhibited, although 
to a lesser degree, at a depth of 12-22 cm. For 
the other metals, the fraction bound to the Fe-
Mn oxides and/or carbonates was comparative-
Iy higher (Fe, Mn, Zn and Pb) and significant-
Iy increased when compost was added. But in 
general most of the fractions analysed increased 
together when compost was added. 
Therefore, repeated loading of municipal 
compost with a high heavy metal content does 
not seem to be an advisable agricultural prac-
tise. The enhancement of soil fertility that may 
be obtained, also favours heavy metal migra-
tion, and thus its agricultural use cannot be 
justified. The utilization of this kind of compost 
definitely causes a marked accumulation of 
heavy metals in the soil; they may reach exces-
sive levels even in a markedly calcic soil, espe-
cially if the agricultural programme also calls 
for irrigation. 
However, if steps were taken to prevent ex-
cessive contamination, the compost produced 
would be an excellent material for use as a fer-
tilizer. As pointed out by Kurihara (1984) and 
other authors, the reduction of trace metals in 
the product could be achieved by minimizing 
undesirable contaminants, that is, by adopting 
strict control s over the collection of the organ-
ic wastes to be composted. Salinity is another 
parameter that must be carefully controlled as 
it may adversely affect many plants. Ion ex-
changers could be used to avoid the potential 
phytotoxic effects of the salt and the heavy me-
tals present in the compost (Van Assche and 
Uyttebroeck, 1982). In conclusion, further im-
provements in compost quality are to be 
desired. Unfortunately, at present the degree of 
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contamination of the soil is often determined by 
the grower himself in many countries. 
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